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1
DISCONNECTING SWITCH

RELATED APPLICATIONS

This application is the U.S. National Phase under 35 U.S.C.
§371 of International Application No. PCT/JP2012/076531,
filed on Oct. 12, 2012, which in turn claims the benefit of
Japanese Application No. 2011-225960, filed on Oct. 13,
2011, and Japanese Application No. 2011-225963, filed Oct.
13, 2011, the disclosures of which are incorporated by refer-
ence herein.

TECHNICAL FIELD

The present invention relates to a disconnecting switch.

BACKGROUND ART

In the past, there has been proposed a manual disconnect-
ing switch used for a circuit provided with a high-voltage
battery (for example, see Japanese Patent Application Publi-
cation No. 2011-134698). This disconnecting switch
includes: a contact part that is disposed in a closed vessel and
that has a stationary contact and a movable contact configured
to be brought into contact with and separate from the station-
ary contact freely; a shaft which is disposed so that a part
thereof protrudes outward from the closed vessel; and a metal
bellows for ensuring air tightness of the closed vessel. This
disconnecting switch further includes: an open/close mecha-
nism part configured to move the shaft back and forth freely
between a closed contact position at which the movable con-
tact is in contact with the stationary contact and an open
contact position at which the movable contact is out of contact
from the stationary contact; and a housing that houses above
components. The open/close mechanism part is constituted
by an operation lever which is disposed so that an operation
portion thereof protrudes outward from the housing, and two
rod-shaped arms which connect the operation lever and the
shaft so as to move the shaft between the closed contact
position and the open contact position according to an opera-
tion of the operation lever.

In this disconnecting switch, when the operation lever is
positioned at an OFF position where the contact part is in an
open contact state, the two arms are held in a state of forming
a V-shape under an inner pressure of the closed vessel and a
spring force of the metal bellows, and the contact part is
thereby held in the open contact state. Further, when the
operation lever is positioned at an ON position where the
contact part is in a closed contact state, the two arms are held
in a state of forming a reversed V-shape under the inner
pressure of the closed vessel and the spring force of the metal
bellows, and the contact part is thereby held in the closed
contact state.

However, in the disconnecting switch shown in an above
Patent Document 1, there has been a problem that the discon-
necting switch has a large size because there needs a moving
space for the two arms which connect the operation lever and
the shaft and which are designed to rotate in opposite direc-
tions in conjunction with each other.

SUMMARY OF INVENTION

In view of the above problem, a present invention has
aimed to provide a small disconnecting switch.

A disconnecting switch of the present invention includes a
contact part that includes a stationary contact and a movable
contact configured to be brought into contact with and sepa-
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2

rate from the stationary contact freely, a shaft configured to
move the movable contact back and forth freely relative to the
stationary contact, an open/close mechanism part configured
to move the shaft back and forth freely between a closed
contact position at which the movable contact is in contact
with the stationary contact and an open contact position at
which the movable contact is out of contact from the station-
ary contact, and a housing in which at least the contact part
and the shaft is housed. The open/close mechanism part is
constituted by an operation lever which is disposed so that an
operation portion protrudes outward from the housing, an arm
configured to rotate according to an operation of the operation
lever to move the shaft between the open contact position and
the closed contact position, and a wheel which is rotatably
attached to the housing, and the arm is provided with a rota-
tion slot in which the wheel is placed so that the wheel moves
when the arm rotates.

In this disconnecting switch, a fusion detection part con-
figured to detect a fusion of the contact part is constituted by
the operation lever, the arm, and the wheel, and it is preferable
that the wheel is brought into contact with a side wall of the
rotation slot and restricts a rotational movement of the arm at
an intermediate position when the arm rotates from an ON
position to an OFF position in a state where the contact part is
fused, and thereby the fusion detection part detects the fusion
of the contact part.

Moreover, in this disconnecting switch, it is also preferable
that the rotation slot is provided with an engaging protrusion
configured to engage with the wheel in a state where the shaft
is in the closed contact position.

Further, in this disconnecting switch, it is also preferable
that the shaft is directly connected to the arm.

In this disconnecting switch, it is also preferable that the
shaft includes a first end and a second end, the arm is rotatably
connected to the first end of the shaft via a support shaft, the
rotation slot includes a first end region and a second end
region, and a distance between the first end region of the
rotation slot and the support shaft is different from a distance
between the second end region of the rotation slot and the
support shaft, and that a relative distance between the wheel
and the support shaft changes according to a movement of the
wheel between the first end region and the second end region
within the rotation slot, and thereby a rotation of the arm is
converted into a movement of the shaft between the open
contact position and the closed contact position.

According to the invention, it is possible to provide a small
disconnecting switch.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A to 1C show a disconnecting switch according to
a present embodiment in a state where a contact part is in an
open contact position, where FIG. 1A is a schematic internal
structure diagram of the disconnecting switch, FIG. 1B is a
detailed view of a main part of FIG. 1A, and FIG. 1C is a
schematic internal structure diagram of the disconnecting
switch viewed from an opposite side of FIG. 1A;

FIGS. 2A to 2C show the disconnecting switch according
to the present embodiment in a state where the contact part is
in an closed contact position, where FIG. 2A is a schematic
internal structure diagram of the disconnecting switch, FIG.
2B is a detailed view of a main part of FIG. 2A, and FIG. 2C
is a schematic internal structure diagram of the disconnecting
switch viewed from an opposite side of FIG. 2A;

FIGS. 3A to 3B show the disconnecting switch according
to the present embodiment in a state where the contact part is
fused, where FIG. 3A is a schematic internal structure dia-
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gram of the disconnecting switch, and FIG. 3B is a detailed
view of a main part of FIG. 3A;

FIG. 4 is a top view of the disconnecting switch according
to the present embodiment;

FIG. 5 is an external perspective view of the disconnecting
switch according to the present embodiment;

FIG. 6 is a perspective view of an arm that is included in the
disconnecting switch according to the present embodiment;
and

FIG. 7 is a perspective view of a base member that is
included in the disconnecting switch according to the present
embodiment.

DESCRIPTION OF EMBODIMENT

In the following, an embodiment of the disconnecting
switch according to the present invention will be described
with reference to FIG. 1A to FIG. 7. This disconnecting
switch is a manual disconnecting switch, and is configured
such that a contact part housed in a housing is opened and
closed according to an operation of an operating lever pro-
vided at an upper surface side of the housing (a front surface
side of the disconnecting switch). This disconnecting switch
can be used for a circuit provided with a high-voltage battery,
for example. FIG. 1C is an internal structure diagram in which
the disconnecting switch shown in FIG. 1A is viewed from
the opposite side, and FIG. 2C is an internal structure diagram
in which the disconnecting switch shown in FIG. 2A is
viewed from the opposite side.

The disconnecting switch according to the present embodi-
ment includes a contact part 2, a shaft 3, a metal bellows 4, an
open/close mechanism part 5, a regulating part 8, and a case
1 for housing these components which is made of synthetic
resin, as main components. Further, the disconnecting switch
according to the present embodiment includes a closed vessel
6 which houses the contact part 2, and a base member 9. In the
present embodiment, the housing is constituted by the case 1
and the base member 9.

The case 1 is, as shown in FIG. 5, constituted by housing
pieces 11 and 12 (a first housing piece 11 and a second
housing piece 12), each of which is shaped like a thin rectan-
gular box with one open surface, and the case 1 is constituted
by assembling the housing pieces 11 and 12 in a state where
openings thereof face each other. The case 1 has a movement
guide window 13 at an upper surface thereof (an upper surface
shown in FIG. 5), in which an operation lever 51 of the
open/close mechanism part 5 is placed so as to move freely,
and further has a display window 14 which is formed con-
tinuously to the movement guide window 13. The display
window 14 is for showing a state of the contact part 2 the state
of which is changed in conjunction with an operation of the
operation lever 51, and it is possible to grasp whether the
contact part 2 is in an open contact state or in a closed contact
state according to display contents (for example, “OFF” in the
open contact state and “ON” in the closed contact state, and
the like) shown in the display window 14. The housing piece
11 includes attachment pieces 11a at both opposite side walls
in a width direction (a left and right direction in FIG. 5),
respectively. Each of the attachment pieces 114 has a screw
insertion hole 115 in which a fixing screw (not shown) is
inserted to fix the disconnecting switch to an installation site
(not shown). The base member 9 is attached inside the case 1.

The contact part 2 is, as shown in FIG. 1A to FIG. 3B,
constituted by stationary contacts 22 and a movable contact
21, and housed in the closed vessel 6 in a state of ensuring air
tightness. The stationary contacts 22 are provided at respec-
tive tips of a pair of stationary terminals TB1. The movable
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contact 21 is configured to be brought into contact with and
separate from both stationary contacts 22 freely. Thus, the
movable contact 21 is configured to electrically connect
between the stationary contacts 22. In the present embodi-
ment, although copper contacts are used for the stationary
contacts 22 and the movable contact 21, other metal contacts
may be used as well. Moreover, the stationary terminals TB1
also may be made by copper or other metal materials.

The shaft 3 is, as shown in FIG. 1A to FIG. 3B, formed of
a rod 31 of which lengthwise direction corresponds to an
upward and downward direction, and the movable contact 21
is attached at one end side of the rod 31 (a second end side of
the rod 31; a second end side of the shaft 3; a lower end side
in FIG.1A) so as to move freely in the upward and downward
direction. Namely, the second end of the shaft 3 is connected
to the movable contact 21. That is, the shaft 3 is configured to
move the movable contact 21 back and forth freely relative to
the stationary contacts 22. Further, the rod 31 is provided with
a support shaft 32 integrally at the other end side of the rod 31
(a first end side of the rod 31; a first end side of the shaft 3; an
upper end side in FIG.1A). The support shaft 32 supports an
arm 52 (described below) so that the arm 52 can rotate freely.
Namely, the arm 52 is rotatably connected to the first end of
the shaft 3 via the support shaft 32.

The support shaft 32 is formed into a columnar shape
which is long in a thickness direction of the case 1 (a direction
perpendicular to a paper surface in FIG.1A). Further, the base
member 9 (the housing) has a guide groove 9a which regu-
lates a moving direction of the support shaft 32. The guide
groove 9a is formed into a long shape in the upward and
downward direction. An end of the support shaft 32 is inserted
into the guide groove 9a, and the support shaft 32 moves in the
upward and downward direction along the guide groove 9a.
The shaft 3 is configured to move freely in the upward and
downward direction between a closed contact position at
which the movable contact 21 is in contact with the stationary
contacts 22 (a position shown in FIGS. 2A to 2C) and an open
contact position at which the movable contact 21 is out of
contact from the stationary contacts 22 (a position shown in
FIGS. 1A to 10).

Further, in the present embodiment, the disconnecting
switch is provided with a pressure spring 7 formed into a
coil-shape and configured to bias the movable contact 21 that
is attached at the front end side of the rod 31 toward the
stationary contacts 22. Moreover, the disconnecting switch is
provided with a flange (not shown) at an intermediate position
in the upward and downward direction ofthe rod 31. An upper
end in FIG. 2A (not shown) of the pressure spring 7 is fixed to
this flange. A lower end in FIG. 2A of the pressure spring 7 is
in contact with the movable contact 21 from an upper side.
Thereby, in the closed contact state where the movable con-
tact 21 is in contact with the stationary contacts 22 (a state
where the shaft 3 is in a lower position), contacts 21 and 22 are
held firmly in contact with each other due to a spring force of
the pressure spring 7.

The metal bellows 4 is formed into a bellows shape as
shown in FIG. 1A to FIG. 3B, and has a function of ensuring
air tightness of the closed vessel 6. The metal bellows 4 has
one end side in the upward and downward direction (a first
end side of the metal bellows 4; a lower end side in FIG.1A)
which is fixed around a portion of the closed vessel 6 where
the shaft 3 protrudes from the closed vessel 6, and the other
end side (a second end side of the metal bellows 4; an upper
end side in FIG. 1A) which is fixed around a protruding
portion of the shaft 3 (a portion of the shaft 3 exposed to an
outside from the closed vessel 6). Thus, it is possible to ensure
air tightness of the closed vessel 6 and also the shaft 3 can
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move freely relative to the closed vessel 6. Namely, the metal
bellows 4 is configured to expand and contract freely in the
upward and downward direction according to a movement of
the shaft 3.

In detail, the closed vessel 6 has an insertion hole (not
shown) at an upper surface (an upper surface in FIG. 1A)
thereof. The shaft 3 is inserted in the insertion hole. The metal
bellows 4 is shaped like a hollow bellows. The first end of the
metal bellows 4 is fixed to the upper surface of the closed
vessel 6 so as to cover the insertion hole. The second end of
the metal bellows 4 is fixed to the rod 31 at a vicinity of the
first end of the rod 31 so as to surround the rod 31 circumfer-
entially. Thus, a closed space is formed by an inner part of the
closed vessel 6 and an inner part of the metal bellows 4.

In the present embodiment, a gas containing hydrogen as a
main component, is filled in the closed vessel 6. The main
component of the gas is not limited to hydrogen, and may be
nitrogen or carbon dioxide.

The open/close mechanism part 5 is, as shown in FIG. 1A
to FIG. 3B, constituted by the operation lever 51, the arm (a
link member) 52, and a wheel 53. The operation lever 51 is
disposed so that an operation portion thereof protrudes out-
ward from the case 1. The arm 52 is configured to rotate
according to the operation of the operation lever 51 to move
the shaft 3 between the open contact position and the closed
contact position. The open/close mechanism part 5 is config-
ured to move the shaft 3 back and forth freely between the
closed contact position at which the movable contact 21 is in
contact with the stationary contacts 22 and the open contact
position at which the movable contact 21 is out of contact
from the stationary contacts 22.

The operation lever 51 is rotatably attached to the base
member 9 which is installed in the case 1, via a support shaft
54 which penetrates the operation lever 51 in a thickness
direction thereof (the direction perpendicular to the paper
surface in FIG. 1A. The wheel 53 is also rotatably attached to
the base member 9 via a support shaft 55. Thus, the operation
lever 51 is configured to rotate freely between an ON position
(a position shown in FIG. 2A) where the shaft 3 is moved to
the closed contact position and an OFF position (a position
shown in FIG. 1A) where the shaft 3 is moved to the open
contact position.

The arm 52 is rotatably connected to the shaft 3 via the
support shaft 32 as described above. The arm 52 has a rotation
slot 524 in which the wheel 53 is placed so that the wheel 53
can move, and a movement slot 525 in which the support shaft
54 is placed so that the shaft 54 can move, as shown in FIG. 1B
and FIG. 2B. Further, the rotation slot 52a includes an engag-
ing protrusion 52¢ that is configured to engage with the wheel
53 in a state where the shaft 3 is in the closed contact position.
Then, in the state where the shaft 3 is in the closed contact
position (see FIG. 2A), the arm 52 is held in a non-rotatable
state (a state shown in FIG. 2B) with the wheel 53 engaging
with the engaging protrusion 52¢. The arm 52 is further pro-
vided with an abutment portion 52d integrally which is con-
figured to abut on an abutment piece 835 included in a regu-
lating body 83 (described below), as shown in FIG. 1C and
FIG. 2C.

The rotation slot 52¢ includes a first end region 5241 (a
right end region in FIG. 1B) at which the wheel 53 is placed
when the shaft 3 is in the open contact position, and a second
end region 5242 (a left end region in FIG. 2B) at which the
wheel 53 is placed when the shaft 3 is in the closed contact
position. A distance between the first end region 52a1 and the
support shaft 32 is different from a distance between the
second end region 52a2 and the support shaft 32 (in other
words, a distance between a center of the wheel 53 and the
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support shaft 32 in a state where the wheel 53 is placed at the
first end region 5241, is different from a distance between the
center of the wheel 53 and the support shaft 32 in a state where
wheel 53 is placed at the second end region 5242). In the
present embodiment, the distance between the first end region
52al and the support shaft 32 is shorter than the distance
between the second end region 5242 and the support shaft 32.
Accordingly, a relative distance between the wheel 53 and the
support shaft 32 changes according to a movement of the
wheel 53 between the first end region 5241 and the second
end region 5242 within the rotation slot 52a. Thereby, in the
present embodiment, a rotation of the arm 52 is converted into
a movement of the shaft 3 between the open contact position
and the closed contact position.

As shown in FIG. 1A and FIG. 1C, the operation lever 51 in
the open/close mechanism part 5 of the present embodiment
includes a first fan piece 511, a second fan piece 512, a partial
cylinder piece 513, and an operating lug 514. The first fan
piece 511 and the second fan piece 512 are facing each other
in the direction perpendicular to the paper surface in FIG. 1A,
and the first fan piece 511 is positioned at a side of the housing
piece 11 and the second fan piece 512 is positioned at a side
of'a housing piece 12. The first fan piece 511 and the second
fan piece 512 are integrally combined together via the partial
cylinder piece 513. The operating lug 514 is integrally con-
nected to the partial cylinder piece 513. In a vicinity of a
connecting part of the operating lug 514 in the partial cylinder
piece 513, a first rib (not shown) and a second rib (not shown)
are formed on an inner surface of the partial cylinder piece
513. The first rib and the second rib each protrudes inward in
aradial direction from the inner surface of the partial cylinder
piece 513. The first rib protrudes from a left side of the
operating lug 514 in FIG. 1A, and the second rib protrudes
from a right side of the operating lug 514 in FIG. 1A. Further,
the partial cylinder piece 513 is provided with displays such
as “ON” and “OFF” on an outer side surface thereof. The
support shaft 54 is arranged so as to penetrate centers of the
first fan piece 511 and the second fan piece 512, and fixed to
the housing. The operation lever 51 is configured to rotate
about the support shaft 54 relative to the housing.

As shown in FIG. 6, the arm 52 integrally includes a first
arm piece 521 positioned at the side of the housing piece 11,
a second arm piece 522 positioned at the side of the housing
piece 12, and a connecting piece 523. The first arm piece 521
and the second arm piece 522 are integrally combined
together via the connecting piece 523. Each of the first arm
piece 521 and the second arm piece 522 has the rotation slot
52a and the movement slot 525, and includes the engaging
protrusion 52¢. The abutment portion 524 is formed so as to
protrude toward the housing piece 11 from an outer side
surface of the first arm piece 521. The second arm piece 522
is provided at an outer side surface thereof with an engaging
portion 52¢ which protrudes toward the housing piece 12.
Each of the first arm piece 521 and the second arm piece 522
further has an insertion hole 52fin which the support shatt 32
is inserted. Each of the first arm piece 521 and the second arm
piece 522 further includes a protruding piece 52g. The arm 52
is placed so that the protruding piece 52g is positioned
between the first rib and the second rib of the operation lever
51. (That is, the protruding piece 52g is positioned at a right
side of the first rib in FIG. 1A, and the protruding piece 52g is
positioned at a left side of the second rib in FIG. 1A.)

Further as shown in FIG. 7, the base member 9 integrally
includes a first plate 91 positioned at the side of the housing
piece 11, a second plate 92 positioned at the side of the
housing piece 12, and a connecting piece 93. The first plate 91
and the second plate 92 are integrally combined together via
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connecting piece 93. Each of the first plate 91 and the second
plate 92 has the guide groove 9a. Each of the first plate 91 and
the second plate 92 further has an insertion hole 96 in which
the support shaft 54 is inserted. Each of the first plate 91 and
the second plate 92 further has an insertion hole 9¢ in which
the support shaft 55 is inserted, and the wheel 53 is attached
to the base member 9 via the support shaft 55. Note that,
among components of the base member 9, the first plate 91 is
shown and the second plate 92 is not shown in FIG. 1A, FIG.
2A, and FIG. 3A. Further, the base member 9 is not shown in
FIG. 1C and FIG. 2C.

Further in the present embodiment, the disconnecting
switch is provided with a positioning spring 10 that restricts
the operation lever 51 moving from the ON position (see
FIGS. 2A to 2C) toward the OFF position (see FIGS. 1A to
1C). This positioning spring 10 includes a spring body 10a
formed into a coil-shape, and integrally includes a pair of
arms 1051 and 1052 (a first arm 1051 and a second arm 10562)
which are extended in different directions to each other from
both ends of the spring body 10a. The positioning spring 10 is
biased in a direction that enlarges a diameter of the center hole
thereof The operation lever 51 is provided, at one outer side
surface in a penetrating direction (the direction perpendicular
to the paper surface in FIG.1A) of the support shaft 54, with
a spring attaching portion 51a which is shaped like a cylinder
and which protrudes toward the penetrating direction. With
inserting the spring attaching portion 51a into the center hole
of the spring body 104, and locking one arm 1051 (the first
arm 10561) in a recess (not shown) formed in the operation
lever 51 while attaching the other arm 102 (the second arm
1052)to the arm 52 (to the engaging portion 52¢ of the second
arm piece 522, in detail), the positioning spring 10 becomes
attached to the operation lever 51 and the arm 52.

The regulating part 8 includes a lock button 81, aregulating
body 83, and a return spring 82 as shown in FIG. 1C and FIG.
2C. The lock button 81 is formed into a bar shape and oper-
ated when releasing the restriction of the operation lever 51.
The regulating body 83 is provided integrally with the lock
button 81 and placed so as to be able to move back and forth
freely between a restricting position (a position shown in FIG.
1C) in which a movement of the operation lever 51 is
restricted, and a releasing position (a position shown in FIG.
2C)in which a restriction of the operation lever 51 is released.
The return spring 82 biases the lock button 81 and the regu-
lating body 83 toward the restricting position (upper sides in
FIG. 1C and FIG. 2C). Moreover, the partial cylinder piece
513 of the operation lever 51 includes an abutment portion
5156 at a side of the regulating part 8. The regulating body 83
includes a regulating piece 83a and the abutment piece 835.
The regulating piece 83a is configured to restrict the move-
ment of the operation lever 51 by abutting on the abutment
portion 515 included in the operation lever 51 in a state where
the regulating body 83 is in the restricting position. The
abutment piece 835 is configured to abut on the abutment
portion 52d of the arm 52 in a state where the regulating body
83 is in the releasing position. The regulating body 83 further
includes a regulating arm 83¢ which is configured to restrict
arotation of the operation lever 51 by abutting on a projection
provided at an outer side surface of the first fan piece 511.
Thus, the movement of the operation lever 51 is restricted in
a state where the regulating piece 83a of the regulating body
83 is abutting on the abutment portion 515 of the operation
lever 51, and a movement of the regulating part 8 is restricted
in a state where the abutment piece 835 of the regulating body
83 is abutting on the abutment portion 524 of the arm 52.
Moreover, the movement of the operation lever 51 is
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restricted in a state where the regulating arm 83¢ of the
regulating part 8 is abutting on the projection of the operation
lever 51.

Next, amovement of the disconnecting switch is described
with reference to FIG. 1A to FIG. 3B. FIG. 1A shows a state
in which the contact part 2 is opened (a state where the
movable contact 21 is out of contact from the stationary
contacts 22; the open contact state), and the wheel 53 is
positioned at a right end of the rotation slot 52a of the arm 52
in FIG. 1B (the first end region 5241) in this state. In this state,
the regulating piece 83a of the regulating body 83 is abutting
on the abutment portion 515 of the operation lever 51, and the
regulating arm 83c¢ is abutting on the projection of the opera-
tion lever 51, and therefore it is impossible to operate the
operation lever 51 in this state (see FIG. 1C).

In order to shift the contact part 2 from the open contact
state to the closed contact state (a state shown in FIG. 2A), a
user should move the regulating body 83 to the releasing
position by pushing the lock button 81 of the regulating part
8 downwardly first. When the user turns the operation lever 51
in a clockwise direction in FIG. 1A (a counterclockwise
direction in FIG. 1C; a first rotating direction) while keeping
the regulating body 83 at the releasing position, the protrud-
ing piece 52g of the arm 52 is pushed by the first rib of the
operation lever 51 in a right direction in FIG. 1B. Thereby, the
arm 52 rotates in a clockwise direction in FIG. 1B (the first
rotating direction) about the support shaft 32, and the wheel
53 moves inside the rotation slot 52a of the arm 52 while
rotating. When the user moves the operation lever 51 to the
ON position (the position shown in FIG. 2A), the wheel 53 is
moved to a left end of the rotation slot 52a in FIG. 2B (the
second end region 52a2). At this time, due to the rotation of
the arm 52 in the clockwise direction in FIG. 1A (the first
rotating direction), the support shaft 32 is moved downward
along the guide groove 9a and the shaft 3 is pushed down-
ward. Thereby, the contact part 2 becomes into the closed
contact state shown in FIG. 2A (a state where the movable
contact 21 is in contact with the stationary contacts 22).

In the state shown in FIG. 2A, the movable contact 21 is
held firmly in contact with the stationary contacts 22 by a
spring force of the pressure spring 7. In this state, the arm 52
is applied with an upward force via the shaft 3 from the
pressure spring 7. The arm 52 is held in a non-rotatable state
without rotating in an open contact direction because the
wheel 53 engages with the engaging protrusion 52¢ of the
rotation slot 52a as shown in FIG. 2B. Further in this state, the
operation lever 51 is held in the ON position because the
operation lever 51 is applied with a spring force toward a
clockwise direction in FIG. 2 A (a spring force toward the first
rotating direction) by the positioning spring 10. In this state,
the lock button 81 integrally provided at the regulating body
83 is held to be pushed into the case 1 because the abutment
piece 835 of the regulating body 83 is abutting on the abut-
ment portion 524 of the arm 52 and thereby an upward move-
ment of the regulating body 83 is restricted by the arm 52 (see
FIG. 2C). Further, a display of “ON” which is formed on the
outer side surface of the partial cylinder piece 513 of the
operation lever 51 is shown through the display window 14.

On the other hand, when the user turns the operation lever
51 from a position of the closed contact state shown in FIG.
2A in a counterclockwise direction in FIG. 2A (a second
rotating direction), since the protruding piece 52g of the arm
52 is pushed by the second rib of the operation lever 51 in a
left direction in FIG. 2B, the arm 52 rotates and thereby the
wheel 53 climbs over the engaging protrusion 52¢. Thereaf-
ter, the arm 52 rotates in a counterclockwise direction in FIG.
2B (the second rotating direction), about the support shaft 32,
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and the wheel 53 moves inside the rotation slot 524 of the arm
52 while rotating. When the user moves the operation lever 51
to the OFF position (the position shown in FIG. 1A), the
wheel 53 is moved to a right end of the rotation slot 52a in
FIG. 1B (the first end region 52a1). At this time, due to the
rotation of the arm 52 in the counterclockwise direction in
FIG. 2B (the second rotating direction), the shaft 3 is pulled
upward, and thereby the contact part 2 becomes into the open
contact state shown in FIG. 1A.

In the state shown in FIG. 1A, the arm 52 is held in a
non-rotatable state without rotating in a closed contact direc-
tion due to receiving an inner pressure of the closed vessel 6
and a spring force of the metal bellows 4. Further in this state,
an abutting state of the abutment portion 524 of the arm 52
and the abutment piece 834 of the regulating body 83 is
released (that is, a restriction to the regulating body 83 of the
arm 52 is released), and thereby the lock button 81 and the
regulating body 83 is returned to the restricting position
receiving a spring force of the return spring 82, and as a result
the movement of the operation lever 51 is restricted (see FI1G.
1C). In this state, the operation lever 51 is applied with a
spring force toward the clockwise direction in FIG. 1A (the
spring force toward the first rotating direction) from the posi-
tioning spring 10, and the operation lever 51 will attempt to
rotate in the clockwise direction in FIG. 1A (the first rotating
direction). However, the movement of the operation lever 51
is restricted because the operation lever 51 is abutting on the
arm 52 of which position is held by the inner pressure of the
closed vessel 6 and a spring force of the metal bellows 4
(because the first rib of the operation lever 51 is abutting on
the protruding piece 52g of the arm 52, in detail), and thereby
the operation lever 51 is held in the OFF position. Further, a
display of “OFF” which is formed on the outer side surface of
the partial cylinder piece 513 of the operation lever 51 is
shown through the display window 14.

Next, FIG. 3A shows a state where the contact part 2 is
fused due to an overcurrent, for example. In the state where
the contact part 2 is fused, when the operation lever 51 and the
arm 52 attempt to rotate in the counterclockwise direction in
FIG. 2A (the second rotating direction) receiving a manual
force or a force from a mechanical mechanism, the shaft 3
cannot move upper than a state shown in FIG. 3A, and thereby
the arm 52 can only rotate up to a position shown in FIG. 3B,
because of the fusion of the contact part 2. That is, the wheel
53 is brought into contact with a side wall of the rotation slot
52a and restricts a rotational movement of the arm 52 at an
intermediate position (a position between a position that
makes the contact part 2 open and a position that makes the
contact part 2 closed) as shown in FIG. 3B. At this time, even
though the user tries to turn the operation lever 51 to the OFF
position, but the operation lever 51 can only move up to a
position shown in FIG. 3A, due to a spring force of the
positioning spring 10 or the second rib abutting on the pro-
truding piece 52g. On the other hand, the upward movement
of' the regulating body 83 is restricted by the arm 52 in a state
shown in FIG. 3A, and accordingly a rotation in a clockwise
direction in FIG. 3 A (the first rotating direction) of the opera-
tion lever 51 is restricted, because the regulating arm 83¢ of
the regulating body 83 is abutting on the projection of the first
fan piece 511. As a result, the operation lever 51 is held in the
position shown in FIG. 3A. In this state, the display of “ON”
(or “FUSION™) which is formed on the outer side surface of
the partial cylinder piece 513 of the operation lever 51 is
shown through the display window 14.

The disconnecting switch may include a trip mechanism
configured to turn the operation lever 51 in the counterclock-
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wise direction in FIG. 2A, (the second rotating direction)
before the contact part 2 causes a fusion.

Incidentally, in the state of fusion described above, upward
movement of the lock button 81 and the regulating body 83 is
restricted by the arm 52 as shown in FIG. 3A, as described
above. Accordingly, it is possible to detect the fusion of the
contact part 2 from that the lock button 81 is positioned at the
releasing position (a position shown in FIG. 3A) and that the
operation lever 51 is positioned at a position close to the OFF
position (the position shown in FIG. 3A). Further in the
present embodiment, the display window 14 is formed on an
upper surface of the case 1 as shown in FIG. 4, and it is
possible to detect the fusion of the contact part 2 by checking
a display of the display window 14.

Further in the state of fusion, when the user tries to turn the
operation lever 51 from the ON position to the OFF position
in the counterclockwise direction in FIG. 2A (the second
rotating direction), an upper portion of the wheel 53 and the
side wall of the rotation slot 52a are brought into abutting on
each other as shown in FIG. 3B in a middle of its rotation.
Even though the user further tries to turn the operation lever
51 from this state in a direction toward the OFF position (a
counterclockwise direction in FIG. 3A), the wheel 53 cannot
move in the rotation slot 52a¢ while the upper portion of the
wheel 53 and an inner surface of the rotation slot 524 are
merely pushing each other, and thereby the operation lever 51
cannot be turned in the direction toward the OFF position any
further. That is, it is possible for the user to know that the
fusion of the contact part 2 is occurring from the state of the
operation lever 51 that cannot be turned any further than the
position shown in FIG. 3A.

In the present embodiment, a fusion detection part is con-
stituted by the operation lever 51, the arm 52, and the wheel
53.

According to the present embodiment, since there can only
have a space for one arm 52 to rotate and there is no need to
have a space for two arms to move like conventional
examples, it is possible to provide a small disconnecting
switch relative to conventional examples. Moreover, it is pos-
sible to provide the small disconnecting switch that is pos-
sible to detect the fusion of the contact part 2 by the operation
lever 51, the arm 52, and the wheel 53. Further, it is possible
to hold the shaft 3 in the closed contact position and keep the
closed contact state of the contact part 2 by engaging the
wheel 53 with the engaging protrusion 52¢ formed in the
rotation slot 52a of the arm 52. In a configuration in which the
shaft 3 is directly connected to the arm 52 like the present
embodiment, it is possible to reduce parts that connect the
shaft 3 and the arm 52 with each other, and moreover, it is
possible to reliably convey a small change such as the fusion
of'the contact part 2 to the arm 52, by connecting the shaft 3
and the arm 52 directly with each other.

According to the present embodiment, there is no need to
include a latch mechanism that is generally included in a
conventional disconnecting switch, because the abutment
piece 835 of the regulating body 83 abuts on the abutment
portion 52d of the arm 52 and the regulating body 83 is held
in the releasing position when the operation lever 51 is in the
ON position. Accordingly, it is possible to reduce a number of
parts and improve assembling workability. Moreover, it is
possible to reduce a size of the case 1 in which parts of the
disconnecting switch are housed, and therefore it is also pos-
sible to reduce a size of the disconnecting switch.

Although it has been shown a structure of the operation
lever 51 that includes a pair of fan pieces 511 and 512 in the
present embodiment, the operation lever 51 may not include
the first fan piece 511. Further, although it has been shown a
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structure in which the arm 52 includes a pair of arm pieces
521 and 522 and each of the arm pieces 521 and 522 is
provided with a wheel 53, it may be a structure in which the
arm 52 only includes the first arm piece 521 (or a structure in
which the arm 52 only includes the second arm piece 522).

Moreover, structures (shapes) of an arm and a wheel are not
limited to the present embodiment, and it may be another
structure as long as the wheel is configured to move inside a
rotation slot formed in the arm while rotating.

The invention claimed is:

1. A disconnecting switch comprising:

a contact part that includes a stationary contact and a mov-
able contact configured to be brought into contact with
and separate from the stationary contact freely;

a shaft configured to move the movable contact back and
forth freely relative to the stationary contact;

an open/close mechanism part configured to move the shaft
back and forth freely between a closed contact position
at which the movable contact is in contact with the
stationary contact and an open contact position at which
the movable contact is out of contact from the stationary
contact; and

ahousing in which at least the contact part and the shaft is
housed, wherein

the open/close mechanism part includes an operation lever
which is disposed so that an operation portion thereof
protrudes outward from the housing, an arm configured
to rotate according to an operation of the operation lever
to move the shaft between the open contact position and
the closed contact position, and a wheel which is rotat-
ably attached to the housing, and

the arm is provided with a rotation slot in which the wheel
is placed so that the wheel moves when the arm rotates.

2. The disconnecting switch according to claim 1, wherein

a fusion detection part configured to detect a fusion of the
contact part is constituted by the operation lever, the
arm, and the wheel, and
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the wheel is brought into contact with a side wall of the
rotation slot and restricts a rotational movement of the
arm at an intermediate position when the arm rotates
from an ON position to an OFF position in a state where
the contact part is fused, and thereby the fusion detection
part detects the fusion of the contact part.

3. The disconnecting switch according to claim 1, wherein
the rotation slot is provided with an engaging protrusion that
engages with the wheel in a state where the shaft is in the
closed contact position.

4. The disconnecting switch according to claim 1, wherein
the shaft is directly connected to the arm.

5. The disconnecting switch according to claim 1, wherein

the shaft includes a first end and a second end,

the arm is rotatably connected to the first end of the shaft

via a support shaft,

the rotation slot includes a first end region and a second end

region, and a distance between the first end region of the
rotation slot and the support shaft is different from a
distance between the second end region of the rotation
slot and the support shaft, and

a relative distance between the wheel and the support shaft

changes according to a movement of the wheel between
the first end region and the second end region within the
rotation slot, and thereby a rotation of the arm is con-
verted into a movement of the shaft between the open
contact position and the closed contact position.

6. The disconnecting switch according to claim 2, wherein
the rotation slot is provided with an engaging protrusion that
engages with the wheel in a state where the shaft is in the
closed contact position.

7. The disconnecting switch according to claim 2, wherein
the shaft is directly connected to the arm.

8. The disconnecting switch according to claim 3, wherein
the shaft is directly connected to the arm.

9. The disconnecting switch according to claim 6, wherein
the shaft is directly connected to the arm.
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